Familial and sporadic forms of narcolepsy exist in both humans and canines. Mutations in the hypocretin receptor 2 gene (Hcrtr 2) cause canine familial narcolepsy. In humans, mutations in hypocretin-related genes are rare, but cerebrospinal fluid (CSF) hypocretin-1 is undetectable in most sporadic cases. Using the canine model, we investigated (1) whether hypocretin deficiency is involved in sporadic cases and (2) whether alterations in hypocretin neurons or ligand levels also contribute to the phenotype in Hcrtr 2 mutants. We found that hypocretins were undetectable in the brains of three of three and the CSF of two of two sporadic narcoleptic dogs tested. In contrast, hypocretin levels were not altered in brains and CSF of genetically narcoleptic Dobermans, and hypocretin-containing neurons were of normal appearance. Therefore, multiple hypocretin-related etiologies are likely to be involved in canine narcolepsy. The presence of hypocretin peptides in Hcrtr 2-mutated animals suggests that neurotransmission through Hcrtr 1 may be intact, arguing for a preferential importance of Hcrtr 2-mediated function in narcolepsy.
INTRODUCTION
Narcolepsy is a sleep disorder of unknown etiology, affecting 0.03-0.16% of the general population (Mignot, 1998) . Patients experience excessive daytime sleepiness, sleep paralysis, hypnagogic hallucinations, and cataplexy (a sudden loss of muscle tone in response to emotional stimulation) (Bassetti & Aldrich, 1996; Honda, 1988; Nishino et al., 2000a) . Polygraphic recordings typically show a short sleep latency and sleep-onset rapid eye movement (REM) periods (Bassetti & Aldrich, 1996; Honda, 1988; Nishino et al., 2000a) . Most human cases (about 95%) are sporadic, but familial cases have been reported (Honda, 1988; Mignot, 1998) . The disease is associated with a specific human leukocyte antigen (HLA) subtype, with 85-95% of sporadic cases carrying DQB1*0602. This allele is less tightly associated with familial cases (about 70%) (Mignot, 1998) .
Narcolepsy also occurs in dogs (Baker et al., 1982; Nishino et al., 2000a) . Both sporadic and familial forms of canine narcolepsy display a phenotype strikingly similar to that of the human disease, including cataplexy and a shorter sleep latency (Mitler & Dement, 1977; Nishino et al., 2000b) . Recently, it was discovered that mutations in the gene encoding hypocretin receptor 2 (Hcrtr 2) cause autosomal recessive narcolepsy in Doberman pinschers and Labrador retrievers (Lin et al., 1999) . These mutations result in a nonfunctional receptor that is not localized in the plasma membrane (Hungs et al., 2001) . In contrast, a single, highly penetrant gene is not involved in sporadic cases; crosses between sporadic narcoleptic dogs, including backcrosses, do not result in affected offspring (Baker et al., 1982) .
Hypocretin-1 and -2 (Hcrt-1 and Hcrt-2; also known as orexin-A and -B) are neuropeptides of hypothalamic origin that are proteolytically cleaved from a common precursor, preprohypocretin (De Lecea et al., 1998; Sakurai et al., 1998) . The hypocretins bind to two receptors: hypocretin receptor 1 (Hcrtr 1) and Hcrtr 2 (Sakurai et al., 1998) . Hypocretin-containing neurons
